Memory consolidation is defined as the time window during which the memory trace is susceptible to behavioral, electrical, or pharmacological interventions. Here, we presented rats with two novel tastes at consecutive time intervals. Clear interference was evident when a novel taste formed the second taste input whereby, surprisingly, the time window for interference was found to last more than 10 h. In addition, we detected an increase of C/EBP␤ protein expression in the gustatory cortex 18 h after novel taste learning. This modulation was attenuated by a subsequent novel taste. Our findings reveal temporal constraints and a lingering nature of taste memory consolidation.
consolidation continues for >10 h after the termination of the learning experience. This time frame expands the time window suggested previously in studies using protein synthesis or MAPK inhibitors (Rosenblum et al. 1993; Berman et al. 1998; Belelovsky et al. 2005 ). In addition, our results suggest that the biochemical manifestation of learning a novel taste is different from the retention and relearning of a known taste.
The subjects were adult male Sprague-Dawley rats, weighing 150-174 g; supplied by Harlan; and caged individually on a 12-h light/12-h dark cycle with water and laboratory rodent chow ad libitum unless otherwise indicated. All the experiments were done in adherence to the guidelines of National Institutes of Health (NIH) and Haifa University's Ethical Committee.
Saccharin (0.1%) or NaCl (0.3%) were used as a novel taste and LiCl (0.15 M, 2% body weight) as a toxic agent. CTA was performed as previously described (Rosenblum et al. 1993) . The three behavioral paradigms are described in Table 1 ; each column refers to a day.
For the biochemical analysis, different rats were decapitated at different time points following the behavioral procedures as indicated below. In the experimental group, rats were introduced to 0.1% saccharin, ad libitum from two pipettes of 10 mL water each. In the control group, rats received tap water ad libitum from two pipettes of 10 mL water each. The insular cortex was dissected out by using the crossing of the rhinal fissure and the medial cerebral artery as a reference point (Rosenblum et al. 1995) . The tissue was immediately homogenized in a glass Teflon homogenizer in 300 µL of SDS sample buffer and boiled for 5 min. Samples were then stored at ‫°02מ‬C until further usage.
For Western blot analysis, the same amounts of samples in SDS sample buffer were subjected to SDS-PAGE, blotted, and reacted with antibodies as described before (Rosenblum et al. 1996) .
The following reagents were used for the biochemical analysis. C/EBP␤ (1:1000) polyclonal antibody and ␤Actin (1:2000) polyclonal antibody were obtained from Santa Cruz Biotechnology. Goat anti-rabbit (IgG) HRP conjugated and rabbit anti-goat (IgG) HRP conjugated (1:20,000) were purchased from Chemicon. An Enhanced chemiluminescense (ECL+) kit was purchased from Amersham. All other chemicals were of the highest analytical grade available.
For the statistical analysis, differences among the groups of the behavioral experiments were determined by using one-way 1 These authors contributed equally to this work.
ANOVA. For post hoc comparisons, least significant difference (LSD) contrast test was used with ␣ level of 0.05. Differences among biochemical experiments were determined by using twotailed Student's t-test. Results are presented as mean ‫ע‬SEM.
We hypothesized that while the taste cortex is engaged in the consolidation of one taste input, an intensive input of a second novel taste may attenuate the consolidation of the first one. To that end, we used the LI protocol as described above with one modification: At pre-exposure stage, the animals were presented to taste A (10 mL of 0.1% saccharin) and at a certain time point later to taste B (10 mL of 0.3% NaCl). The CTA and test were performed to taste A (saccharin) (Fig. 1A) .
Animals that had been pre-exposed to 10 mL saccharin (as a novel taste) and 5 min or 5 h later were exposed to 10 mL of NaCl had no memory for the saccharin pre-exposure (Fig. 1B) . The aversion indices of these animals (93% and 90% for 5 min and 5 h, respectively) are similar to the CTA animals (90%) and statistically different from the LI 10 mL group (74%, P < 0.01). The results suggest that a memory for a given taste is attenuated when a different unimodal taste input is presented 5 min or 5 h later, i.e., the existence of anterograde interference by the second taste (NaCl) on the saccharin taste memory. To define the temporal profile of taste memory consolidation, similar interference experiments with time intervals of 10 or 20 h were used (Fig. 1A,B) . To our surprise, the interference was still effective at a time interval of 10 h between the two tastes' inputs. The aversion index (86%) is similar to the one obtained in the CTA group (90%) and different from the one in the LI 10-mL group (74%, F (5,53) = 11.561, P < 0.01) (Fig. 1B) . There was no interference when the time interval between the two tastes' inputs was 20 h (81%).
Following the identification of the time frame for anterograde interference, we tested the possibility for retrograde interference at similar time intervals (i.e., the ability of the first taste to block the consolidation of the second one). In these experiments, the order of the two tastes was inverted. We first presented the animals with 10 mL of NaCl, and at a later time point, the animals consumed 10 mL of saccharin. The CTA and LI test were done with saccharin (Fig. 1C) . The rats that were preexposed to saccharin, 5 min after consumption of 10 mL NaCl, showed an aversion index (76%) that is similar to the one obtained in the LI 10-mL saccharin group (74%). Therefore, the memory for the saccharin pre-exposure was not affected. Both groups were statistically different from the CTA group (90%, F (3,40) = 20.088, P < 0.01) (Fig. 1C) . Similar to the 5-min interval, larger time intervals were ineffective to reduce the amount of taste memory in the retrograde paradigms (77% and 80% for 5 h and 10 h, respectively).
These results suggest that rats remember the last novel taste they consume and that taste memory consolidation extends for over >10 h following the novel taste experience.
A familiar taste is different from a known taste in many perspectives, including biochemical correlates in the taste cortex (Rosenblum et al. 1997) . To test whether a previously known taste induces taste interference to a similar degree that a novel taste does, we applied the 5-h interference protocol with one modification (Fig. 1D ): The interfering taste, NaCl 0.3%, was made familiar to the rats (i.e., the rats had consumed it for three consecutive days before the interference experiments). No interference was observed when the interfering taste was a familiar one (Fig. 1E ). The aversion index was different both from the interference of the novel taste group and the CTA group (68% vs. 90% and 90%, respectively, F (3,42) = 16.071, P < 0.01) but not different from the LI 10 mL group (74%). We concluded that the process of learning, but not retrieving new taste information, occupies the taste system in such a way that it disrupts the consolidation of former knowledge and induces the anterograde interference.
The biochemical correlates of a given learning experience, as well as the time window of effectiveness of local application of different inhibitors in the taste cortex, are on a time scale of minutes to 1 h following training (Rosenblum et al. 1993 (Rosenblum et al. , 1995 (Rosenblum et al. , 1997 Berman et al. 1998; Ferreira et al. 2002; Miranda and McGaugh 2004) . However, given the above behavioral results, we tested the temporal profile of C/EBP␤'s expression in the taste cortex after novel taste consumption. C/EBP␤ is a protein previously found to be expressed on a time scale of many hours following a learning experiences in other brain structures (Taubenfeld et al. 2001) . The expression of C/EBP␤ was analyzed, in relation to ␤actin's expression within the same sample, in the insular cortex of the rats, following different time intervals, subsequent to novel taste (saccharin) or familiar taste (water) consumption. C/EBP␤'s expression was clearly induced at 18 h following the consumption of 10 mL of a novel taste (1.417 ‫ע‬ 0.107; n = 5 in novel taste group; 0.913 ‫ע‬ 0.054; n = 5 in familiar taste group; t-test: t (10) = ‫,663.3מ‬ P < 0.01), but not in any other timepoint tested (20, 30 min, 3, 6, 14 or 24 h) (Fig. 2) .
The expression of C/EBP␤ in the insular cortex of animals that experienced interference protocol was tested. The hypothesis was that given that C/EBP␤'s expression is a correlate of novel taste memory consolidation, under conditions of interference the expression of C/EBP␤ will be attenuated. The results show (Fig. 3) that consuming 10 mL of taste B (novel taste) 4 h after taste A significantly reduced C/EBP␤'s expression in comparison to the control group (0.877 ‫ע‬ 0.040 n = 9 in test group; 1.001 ‫ע‬ 0.038 n = 10 in control group; t-test: t (17) = ‫,032.2מ‬ P < 0.05). Thus, C/EBP␤'s induction in the insular cortex was correlated with the behavioral measure for memory formation and could be interfered with in a similar way to behavior.
How long does the process of taste memory consolidation take? In the past it was shown that pharmacological agents WD (water deprivation): Rats were habituated to consume a daily water amount, during 20 min a day, from two pipettes, each containing 10 mL tap water. CTA: 20 mL of novel taste was given; rats were allowed to consume the novel taste during 20 min. LiCl was injected 1 h later (intraperitoneally). LI (LI to CTA): A 10 mL amount of the novel taste used in conditioning was given; the daily liquids ratio was completed (up to 20 mL) by tap water, several hours later. Interference: At time point x, before or after the pre-exposure to 10 mL of the novel taste (i.e., the LI), 10 mL of another novel taste was given. Test: Rats were subjected simultaneously to eight pipettes, four containing 3 mL of the target taste and four containing 3 mL of water. Rats were allowed to drink for 20 min. The aversion index was defined as [mL water/(mL water + mL novel taste) ‫ן‬ 100] consumed in the test; whereby the chance level was 50%, while the higher the aversion index, the more the rats preferred water to novel taste.
blocked specifically taste memory consolidation and not learning (Rosenblum et al. 1993; Houpt and Berlin 1999) . The time frame during which the pharmacological agents were able to block memory consolidation was in the range of minutes following learning and is comparable with other learning paradigms (for review, see Davis and Squire 1984; Rosenblum et al. 1993; Berman et al. 1998 ). Here, we used another second taste input and measured its ability to interfere with memory consolidation. These experiments were similar to the ones used in other learning paradigms. For example, in motor skill learning in humans (Goedert 2002) and in visual displacement in monkeys (Flook and McGonigle 1977) , memory consolidation was disrupted by a following input that was similar in modality but different in direction or scale.
To define the time frame of the consolidation phase as measured by interference with a second taste input, we presented the rats in the LI paradigm with two taste inputs, separated by different time intervals, in the LI paradigm (5, 10, 20 h) (Fig. 1) . To During WD days, the rats receive 20 mL of water. At day four, the rats are introduced to 10 mL of taste A. On a certain interval after or before (5 min, or 5, 10, 20 h), the rats are introduced to 10 mL of taste B. Three days later, aversion to taste A is conditioned, using LiCl. (B) Novel taste induces retrograde amnesia. An input of 10 mL NaCl 0.3% was given at different time intervals after the pre exposure to 10 mL of saccharin 0.1%.The time intervals were 5Ј, 5 h, 10 h, and 20 h. The memory to 10 mL of saccharin was impaired when 10 mL of NaCl 0.3% was given 5Ј, 5 h, and 10 h after it. The memory for 10 mL of saccharin was not impaired when the interval between two inputs was 20 h. CTA: 90.4 ‫ע‬ 1.7, n = 13; 5Ј: 93.3 ‫ע‬ 1.7, n = 8; 5 h: 90.0 ‫ע‬ 2.2, n = 13; 10 h: 85.6 ‫ע‬ 2.4, n = 9; 20 h: 80.8 ‫ע‬ 3.8, n = 7; LI: 74.4 ‫ע‬ 2.3, n = 16. *Different from latent inhibition (LI) group. (C) Novel taste does not induce anerograde amnesia. An input of 10 mL of NaCl 0.3% is given at different time intervals (5Ј, 5 h, and 10 h) before the pre-exposure to 10 mL of saccharin 0.1%. It does not affect the aversion level, in comparison to LI 10 mL. Values are mean ‫ע‬SEM; *P < 0.05 (n Ն 8 animals). CTA: 90.4 ‫ע‬ 1.7, n = 13; 5Ј: 75.9 ‫ע‬ 1.8, n = 9; 5 h: 77.1 ‫ע‬ 1.9, n = 8; 10 h: 79.5 ‫ע‬ 3.0, n = 4; LI: 74.4 ‫ע‬ 2.3, n = 16. (D) A diagram, presenting an anterograde interference protocol, in which taste B is not a novel taste. Rats are introduced to taste B during the first 3 d. At day four, the rats are introduced to 10 mL of taste A. Five hours later, 10 mL of taste B is consumed. Three days later, aversion to taste A is conditioned, using LiCl. (E) Known taste does not induce retrograde amnesia. Among rats that have (already) been introduced to NaCl 0.3%, 10 mL of this solution does not create interference. The consolidation of 10 mL of saccharin 0.1% is not affected when 10 mL of familiar NaCl 0.3% is consumed 5 h later (5-h novel taste, 5-h familiar taste). The aversion level is not different from LI, in comparison to 5-h interference, when NaCl 0.3% is not familiar. CTA: 90.4 ‫ע‬ 1.7, n = 13; 5-h novel taste: 90.0 ‫ע‬ 2.2, n = 13; 5-h familiar taste: 68.3 ‫ע‬ 4.3, n = 5; LI: 74.4 ‫ע‬ 2.3, n = 16. *Different from the novel taste, 5-h anterograde interference group.
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It is possible that the prolonged consolidation time for novel taste information is unique to the taste system in the same way that association between novel taste and malaise tolerates an unusually long time (Rosenblum et al. 1993) .
Recent studies in the taste system, as well as in other learning paradigms, have suggested that retrieving information has a dimension of relearning (Berman and Dudai 2001; Eisenberg et al. 2003) . We thus compared between the ability of learning and the ability of retrieving/relearning to interfere with the process of taste memory consolidation. Indeed, when the secondinterfering taste input was a familiar one (Fig. 1D) , no reduction in the consolidation was observed (Fig. 1D,E) . These results demonstrated that the mechanisms for learning novel information differ from those for relearning known information. Moreover, they demonstrated that unlike retrieving known information, learning new unimodal information occupies the brain in such a way that only one bit of new information can be consolidated over a long period of time.
From a biochemical perspective, no correlation was reported so far between novel taste learning and gene induction in the insular cortex. However, in other learning paradigms and for longer time frames, it was reported that C/EBP␤ was induced in the hippocampus 9-28 h following avoidance learning (Taubenfeld et al. 2001) . We thus examined the time dependency of C/EBP␤'s expression in the taste cortex at different time intervals following novel taste input. C/EBP␤'s expression was induced 18 h following consumption of novel taste and returned to control level at 24 h following it (Fig. 2) . This is the first demonstration of correlative modulation in gene expression in the taste cortex following novel taste learning.
Altogether, one can conclude that taste memory consolidation has a time frame that stretches from minutes to many hours following learning. In addition, unimodal novel taste input affects the consolidation of former novel taste and a correlative gene induction in the taste cortex. Figure 3 . A novel taste does not induce C/EBP␤'s expression if followed by a different novel taste. (A) A diagram, presenting the interference protocol with measurement of C/EBP␤ in the insular cortex. Both test and control groups consumed 10 mL of saccharin 0.1%. Four hours later, the test group consumed 10 mL NaCl 0.3%, while the control group consumed 10 mL of water. Eighteen hours following saccharin consumption, the insular cortex was removed and subjected to Western blot analysis. (B) Novel taste does not modulate the expression of C/EBP␤, if a different novel taste is consumed 4 h following it. The graph depicts the ratio of C/EBP␤ protein expression divided by ␤actin expression values. The ratio (C/EBP␤ vs. ␤actin) in test group is lower than in control group (0.877 ‫ע‬ 0.040 n = 9 in test group; 1.001 ‫ע‬ 0.038 n = 10 in control group; t-test: t (17) = ‫,032.2מ‬ P < 0.05). A representative immunoblot of C/EBP␤ and ␤actin is attached at top right corner.
